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Objectives . This study aimed to determine whether anglograph-
kally visualized collateral vessels in patients with chronic coro-
ury ai-tery disease imply the presence of viable myocardium in
asynergic regions subtended by completely occluded coronary
arteries.
Background. Patients with chronic coronary artery disease
who are being considered for revascularization frequently exhibit
anglographically visualized collateral vessels to completely on
coronary arteries supplying severely asynergic myocardial
regions. However, little 6 known about the relation between
aphic collateral flow and myocardial viability in these
patients
.
Methods. We studied 42 patients with 78 completely occluded
coronary arteries supplying asynergic territories. Angiographic
collateral vessels were interpreted as absent (grade 1) in 14
patients, minimal (grade 2) in 27 and well developed (grade 3) in
37. Myocardial viability was determined with positron emission
tomography using nitrogen-13 1-13) ammonia and fluorine-18
(F-18) deoxyglucose for assessment of regional perfusion and
glucose uptake, respectively
. Positron emission towgraphic pat-
NUN were Interpreted as mismatch (perrhfumslion defect with en-
hanced F-18 deoxyglucose uptake) ; transmural match (severe
concordant reduction or absence of both perfasion and F-18
da"glucose uplaho or nontransmural match (mild to moderate
Patients with chronic coronary artery disease who are being
considered for myocardial revascularization frequently ex-
hibit complete occlusion of coronary arteries associated with
severe wall motion abnormalities . Regional myocardial dys-
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concordant reduction of both perfusion and F-18 deoxyglucose
uptake).
Results. There was no significant correlation (p = 0
.14)
between the severity of perfusion deficit assessed by positron
emission tomography and the collateral grade . The extent of
mismatch was unrelated to either the presence or the magnitude of
collateral vessels . Conversely, with increasing collateral vessels
from grade 1 to 3, the total extent of positron emission tomoc graphic match remained similar, whereas the ratio of transmural
to nontransmural match decreased . Myocardial viability was
usually present in severely by kinetic regions (82%) . It was
lower in akinetic-dyskinetic regions (49%) . Of the 64 regions with
angiographic collateral vessels, 37 (58%) (95% confidence Interval
[0) 46% to 70%) showed positron emission tomographic mis-
match. In contrast, 7 (50%) of 14 (95% Cl 24% to 76%) regions
without collateral vessels on angiography exhibited positron emis-
sion tomographic mismatch . The presence of anglographically
visualized collateral vessels was a sensitive (84%) but not spedlic
(21%) marker of viability .
Conclusions. In patients with chronic coronary artery disease,
angiographically visualized collateral vessels to asynergic myocar-
dial regions subtended by occluded coronary arteries do not
always Imply the presence of viable myocardium, suggesting that
revascubtrization may not always provide a functional benefit .
(! Am Coll Cardiol 1994,23:8604)
function may respond variably to revascularization . Myocar-
dial asynergy is expected to be irreversible in regions with
myocardial necrosis but reversible in regions that are viable
but hibernating (l-3) . The differentiation of reversible from
irreversible myocardial dysfunction is clinically important
both because it predicts functional outcome after revascu-
larization (4,5) and because the former condition is associ-
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ated with a high rate of ischemic events on medical therapy
(6) .
Complete occlusion of coronary arteries, as in the setting
of acute myocardial infarction, may lead to segmental con-
tractile dysfunction without transmural necrosis because
collateral flow may be adequate to maintain myocardial
viability (7). The same principle way also apply to patients
with chronic coronary artery disease in whom angiographic
assessment of collateral flow to occluded vessels has been
used as a means to determine the presence of viability in
severely asynergic myocardial regions . However, angio-
graphic assessment of collateral flow is limited because it
visualizes only channels >100 lim in diameter (8) . whereas
most collateral vessels are smaller (9) .
Characterization of myocardial metabolism with positron
emission tomography has been used successfully to distin-
guish between viable and infarcted myocardium (10) . Nor-
mal myocardium derives most of its energy through oxida-
tion of free fatty acids (I R During ischemia, however,
substrate selection shifts to glucose (II), which can be
noninvasively evaluated with 'the glucose analog fluori .-ie-18
(EVIS)-deoxyglucose and positron emission tomography (10) .
The purpose of this study in patients with chronic coro-
nary artery disease and left ventricular dysfunction was to
determine whether angiographically visualized collateral
vessels imply the presence of viable myocardium in asyner-
gic regions subtended by completely occluded coronary
arteries .
Methods
Study group. The study group consisted of 42 consecu-
tive patients referred to the University of California, Los
Angeles for assessment of myocardial viability by positron
emission tomography who met the following criteria : I)
presence of a complete occlusion of at least one major
coronary artery or one of its major branches on angiography,
and 2) severe asynergy (dyskinesia, akinesia, or severe
hypokinesia) of the myocardium supplied by the occluded
vessel on contrast left ventriculography . There were 37 men
and 5 women (mean left ventricular ejection fraction [± SD]
27 t 9%), 34 to 81 years of age 63 ± 10 years) . Thirty-five
patients (83%) had a history of previous myocardial infarc-
tion on the basis of the presence of at least two of the
following criteria : clinical history, electrocardiographic
changes or an increase in serum enzyme levels . The time
interval between myocardial infarction and angiography was
3.6 years (range 2 months to 14 years) . The mean interval
period between the positron emission tomographic study and
coronary angiography was 42 days (range 4 to 70). All
patients were clinically stable between the positron emission
tomographic study and the angiographic procedure . Thirty-
five patients (83%) had symptoms of heart failure, and 26 of
them were in New York Heart Association functional class
III or IV . Seventeen patients (40%) also had angina .
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Coronary angiography . All patients underwent coronary
angiography using standard technique
. Two experienced
observers who were unaware of the positron emission tomo-
graphic results assessed retrospectiv :ly and independent!
the status of segmental wall motion am~ collateral sirs-,i'aiion
from coronary cineangiograms obtaintJ for r!
.iacai pur-
poses
. Discrepancies between the readers were resolved by
consensus .
The presence of coronary collateral channels to com-
pletely occluded arteries was determined by the degree of
opacification of the native vessel distal to its occlusion and
was graded using the TIMI classification (12) : grade I
(absent), when there was no angiographic filling of the distal
vessel ; grade 2 (minimal), when there was faint opacification
of the distal vessel or if only small segments were visualized ;
grade 3 iwell developed), when the entire distal vessel was
visualized and densely opacified .
Contrast left ventriculography was performed in the right
and left anterior oblique projections in 39 of 42 patients,
allowing analysis of segmental wall motion of the anterior,
apical, inferior, posierolateral, inferoseptal
and anteroseptal regions of the left ventricle . In the remain-
ing three patients, only a single right anterior oblique pro-
jection wis available : the analysis in these patients was
restricted to the anterior, anterolateral, apical and inferior
left ventricular regions . The presence and severity of seg-
mental wall motion abnormalities was graded visually using
a 6-point scale : 4 = normal ; 3 = mildly hypokinetic ; 2 =
moderately hypokinetic ; I = severely hypokinetic ; 0 =
akinetic ; - I = dyskinetic . By definition, all patients enrolled
in the study had at least one asynergic (severely hypokinetic,
akinetic or dyskinetic) myocardial territory subtended by a
completely occluded coronary artery .
Positron enj ;ssion tomographic image acquisition and anal-
ysis. Rest regional myocardial perfusion and glucose rnetab-
olism were assessed with nitrogen-13 (N-13) ammonia and
F-18 deoxyglucose, respectively. Imaging was performed
with a whole-body positron emission tomograph (model
931-108, Siemens-Computer Technology, Inc .) . Studies
were acquired in the glucose-loaded state, after oral admin-
istration of 50 g of glucose. A 20-min transmission scan was
obtained with a gallium-68/germanium-68 ring source to
permit correction for photon attenuation . Seven minutes
after an intravenous injection of 20 mCi of N-13 ammonia, 15
cross-sectional images were acquired for 20 min . Ten milli-
curies of F-18 deoxyglucose was then injected intrave-
nously, and, after 30 min (to allow for decay of N-13
ammonia and for metabolic trapping of F-18 deoxyglucose in
the myocardium), images were acquired again for 20 min .
Transverse images (consisting of 15 cross sections of the
myocardium) were reoriented into six short-axis, three mod-
ified apical and six vertical long-axis slices of the heart (i3) .
The entire myocardium was divided into 20 segments (Fig .
1) . The left ventricular apex (consisting of two segments)
was evaluated from the vertical long axis slices . The remain-
ing portions of the left ventricle were analyzed from the
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Figure 1.
Segmentation of positron emission tomographic images .
The left ventricular apex (segments 7 and 8) was evaluated from
vertical long-axis slices . The remaining portions of the left ventricle
were analyzed from short-axis slices that were divided into distal,
mid and proximal levels, and at each level the myocardium was
divided into six evenly spaced regions : anterior [1], anterolateral [2],
inferolateral (31, inferior [4], inferoseptal [5] and anteroseptal [6] .
short-axis slices, which were divided into distal, mid and
basal levels . At each level, the myocardium was divided into
six evenly spaced regions . anterior, anterolateral, inferolat-
era], inferior, inferoseptal and anteroseptal .
Myocardial perfusion (N-13 ammonia) and glucose up-
take (F-18 deoxyglucose) were scored semiquantitatively in
all 20 segments by consensus visual analysis of two observ-
ers unaware of the rest of the patient data . The following
5-point scoring system was used to indicate segmental N-13
ammonia and F-18 deoxyglucose uptake : 0 = absence of
uptake (equal to background) ; 1 severe defect ; 2 = mod-
erate defect ; 3 = mild defect ; 4 normal uptake . Segments
with a perfusion defect (N-13 ammonia score _0 were
classified as mismatch, when the F-18 deoxyglucose score
was higher than the N-13 ammonia score by at least 1 point,
or match when both N-13 ammonia and F-18 deoxyglucose
scores were concordantly reduced . Myocardial segments
with match defects were further classified as transmural
match, when N-13 ammonia and F-18 deoxyglucose uptake
were both severely reduced or absent (score 0 or 1), or
nontransmural match, when N-13 ammonia and F-18 deoxy-
glucose uptake were both mild to moderately reduced (score
2 or 3). The terms used here are operational and do not a
priori imply a pathophysiologic significance . Each asynergic
territory contained a variable number of positron emission
tomographic segments, depending on size, which in turn
were related to the individual coronary anatomy, size of the
vessel and dominance and location of occlusion . Within each
asynergic territory, the extent of positron emission torno-
graphic mismatch was expressed as a percent of the territory
and was determined as NIT, where N is the number of
segments exhibiting mismatch, as previously defined, and T
is the number of segments in the corresponding territory .
Similarly, the extent of positron emission tomographic
match (transmural or nontransmural) was expressed as per-
cent of the territory ; ad was determined as NIT, where N is
the number of segments exhibiting match, as previously
defined, and T is the number of segments in the correspond-
ing territory .
Quantitative analysis of rest perfusion positron emission
tortograPhk images. The relative distribution of nitrogen-13
activity in the left ventricular myocardium was also assessed
quantitatively using a previously described method (14) .
Briefly, polar maps were generated from circumferential
profiles of the maximal regional myocardial count activity of
six contiguous, equidistant short-axis and three modified
apical slices that were generated from spheric coordinates .
The maximal regional myocardial count activity was ob-
tained along 60 equally spaced radial profiles . These "raw"
polar maps were normalized to the peak myocardial
nitrogen-13 activity and compared with a previously estab-
lished normal data base (14) . The presence and severity of
perfusion defects were quantitated in the same visually
determined segmental -,posil. -on emission tomographic pat-
terns. Additionally, a separate region of interest was as-
signed on the polar maps to encompass the entire asynergic
territory. The severity of perfusion defect was assessed by
calculating the average percent reduction of relative myo-
cardial counts below the normal limits (based on the normal
data base) in each region of interest .
Statistical analysis . Data are presented as wean value
SD. Kruskal-Wallis one-way analysis of variance was used
to compare the extent of positron emission tomographic
patterns and the severity of perfusion defects between the
three groups of angiographic collateral flow grades . Compar-
ison between proportions was assessed using the Fisher
exact test . A p value < 0 .05 was considered significant .
Results
In the 42 patients, there were 78 totally occluded major
coronary arteries with corresponding myocardial asynergy .
Of these, 40 involved the left anterior descending, 27 the
right and I I the left circumflex coronary artery . On angiog-
raphy, 14 coronary arteries (18%) exhibited no collateral
vessels (grade 1); 27 (35%) exhibited grade 2 (minimal)
collateral vessels; and 37 (47%) exhibited grade 3 (well
developed) collateral vessels .
Severity of perfusion defects. There was no significant
correlation (Kruskal-Wallis test statistic 3 .98, p = 0 .14)
between regional myocardial perfusion as assessed by
positron emission tomography and the angiographic collat-
eral grade in the 78 territories (Fig. 2). The severity of
perfusion deficit in territories with collateral grade 1, 2 and 3
was 35 ± 22%, 36 ± 17% and 28 ± 14%, respectively. This
lack of correlation between the severity of perfusion defects,
as determined by positron emission tomography, and the
angiographic collateral grade, as determined by angiogra-
phy, was also evident when analyzed in different subgroups
of positron emission tomographic viability patterns (i .e .,
mismatch, transmural and nontransmural match) (Fig . 2) . Of
note, there was a significant overlap between the severity of
perfusion deficits in regions with mismatch and nontransmu-
ral match. The type of viability could be differentiated only
by the pattern of F-18 deoxyglucose uptake (Fig . 2). Myo-
cardial perfusion by positron emission tomography in re-
gions with transmural match was decreased severely in all
three angiographic collateral grades. Thus, these results
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Figure 2 . Relation between the severity of perfusion deficit, as
assessed by positron emission tomography, and angiographic col-
lateral flow grade in the 78 territories (top) and relation between the
severity of perfusion deficit and angiographic collateral grade in
myocardial regions with different positron emission tomographic
patterns of viability (bottom)
. *p < 0.05, transmural (Tr) versus
nontransmural (Ntr) match and mismatch in all angiographic collat-
eral flow grades . Values shown are mean value ± SD .
suggest that in patients with chronic coronary artery disease,
the presence or absence of angiographic collateral vessels
does not relate to myocardial perfusion as measured by
positron emission tomography .
Anglographic collateral grade and extent of abnormal
positron emission tomographic patterns
. Asynergic myocar-
dial regions subtended by occluded coronary arteries con-
tained a mixture of all different positron emission tomo-
graphic patterns of viability regardless of the collateral grade
on angiography (Fig . 3). With increasing collateral vessels
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MYOCARDIAL VIABILITY AND CORONARY COLLATERAL VESSELS
10
501
Absent CollalLmN
F
052
IX
Mismatch Ntr Match Tr Match Normal
W-1
Minimal collaterals
-p<005
Figure 3. Extent of positron emission tomographic patterns of
viability in the three angiographic collateral flow grades (mean ±
SEM). *p < 0 .05, transmural (Tr) versus nontransmural (Ntr)
match. Values shown are mean value ± SD .
from grade I to 3, the total extent of positron emission
tomograpbicc match (transmural + nontransmural) remained
similar (52%, 53% and 44%, respectively, p = NS), whereas
the ratio of transmural to nontransmural match decreased :
5 .5 (44 of 8), 1 .4 (31 of 22) and 0 .8 (20 of 24), respectively .
Conversely, the extent of positron emission tomographic
mismatch in territories subtended by occluded coronary
arteries was unrelated to either the presence or magnitude of
collateral flow, as assessed by angiography (38%, 34% and
43% in grades 1, 2 and 3, respectively) . Furthermore, the
Di CARL[ ET AL
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Figare 4 . Extent of positron emission tomographic patterns of
viability in individual coronary territories was highly variable re-
gardless of the angiographic collateral grade .
extent of the different positron emission tomographic pat-
terns of viability in individual coronary territories was highly
variable (from 0% to INK) regardless of the collateral grade
on angiography (Fig . 4).
Correlation between angiographically Visualized collateral
vessels and positron emission tomographic mismatch . Of the
64 coronary territories with angiographic collateral vessels,
only 37 (58%) (95% confidence interval [CI] 469o' to 70%)
showed positron emission tomographic mismatch. In con-
trast, of the 14 coronary territories without collateral vessels
on angiography, seven (50%) (95% CI 249o' to 76%) exhibited
such mismatch . This 8% observed difference was not statis-
tically significant (chi square = 0.3, p = 0.6, 90% power for
detecting a difference a5l)%) . The sensitivity of angiograph-
ically visualized collateral vessels (grade 2 or 3) for detecting
positron emission tomographic mismatch was 84% (37 of 44
territories) . However, only 7 of 34 territories without such
mismatch had absent collateral vessels on angiography,
yielding a specificity of 21% . Figures 5 to 7 depict examples
of the correlation between angiographic collateral vessels
and the positron emission tomographic patterns of myocar-
dial viability .
FRelation between wall motion, angiographic collateral ves-
sels and positron emission torn ographic mismatch . Table 1
summarizes the relation between the angiographic collateral
grade and the severity of wall motion abnormalities. A
similar prevalence of territories with different degrees of wall
motion asynergy was observed regardless of the presence or
absence of angiographic collateral vessels . Of note, 14 (82%)
of 17 severely hypokinetic territories exhibited positron
emission tomographic mismatch, and 30 (49%) of 61 akinetic-
dyskinetic territories had positron emission tomographic
mismatch .
•
_4`01
Discussion
The terms transmural match and nontransmural match
do not imply a priori a pathophysiologic significance . Rather,
these operational terms are used to distinguish between
myocardial regions with concordant reductions in N-13
ammonia and F-18 deoxyglucose uptake but with a clearly
different degree of perfusion deficit, as demonstrated in
Figure 2, which most likely represents a different extent of
myocardial necrosis .
Anglographic collateral blood flow and extent of viable
myocardium. This study indicates that collateral vessels in
patients with chronic coronary artery disease often supply
blood to asynergic ventricular regions that are subtended by
occluded coronary arteries (82%) . However, angiographi-
cally visualized collateral flow does not necessanly imply a
higher likelihood of viable myocardium in the territory of an
occluded coronary artery, whereas absent collateral vessels
on angiography do not necessarily indicate a low probability
for myocardial viability. Although collateral flow has been
shown to be related to myocardial viability in the early
phases of acute myocardial infarction (15,16), this observa-
tion may not apply to our patients with chronic coronary
artery disease .
An important observation in this study was that the
extent of positron emission tomographic mismatch appeared
to be similar in coronary territories with different collateral
grades on angiography. Furthermore, 7 of 14 territories with
grade I (absent) collateral vessels on angiography showed
the positron emission tomographic mismatch pattern extend-
ing from 36% to 100% of the territory (average extent 38%) .
Of note, the severity of perfusion deficit in positron emission
tomographic mismatch regions with grade 1 (absent) collat-
eral vessels was reduced by an average of only 19% (range
10% to 40%) (Fig . 2) . This suggests that despite absence of
visible collateral vessels on contrast angiography, regional
myocardial perfusion, as determined by positron emission
JACC Vol, 23, No. 4
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Figure 5, A 66-year old woman with a history
of anterior myocardial infarction. Coronary
angiography (top) shows complete occlusion
of the mid-left anterior descending coronary
artery (LAD) (arrow) without visible collat-
eral vessels after injection of co rtrast medium
into the right coronary artery (RCA) associ-
ated with severe asynergy on contrast left
ventriculography . Positron emission tomogra-
phy images (bottom) show decreased blood
flow in the anterior, anteroseptal and antero-
lateral left ventricular regions with relative
increased glucose uptake consistent with hy-
poperfused but viable myocardium (positron
emission tomographic mismatch) .
tomography, was present and sufficient to maintain myocar-
dium viable, as assessed by the mismatch pattern (reduced
perfusion with enhanced F-18 deoxyglucose uptake) . These
findings are supported by those of Sabia et al . (17), who used
contrast echocardiography to assess collateral flow in pa-
tients with recent myocardial infarction. No significant cor-
relation between the degree of wall motion improvement
afterr successful angioplasty and the magnitude of collateral
Figure 6. A 71-year old man without history of myo-
cardial infarction admitted to hospital for congestive
heart failure . Coronary ang,!ogram (top) shows com-
plete occlusion of the proximal left anterior descending
coronary artery and right coronary arteries (arrows)
with well developed collateral vessels to the left ante-
rior i.escending coronary artery and minimal collateral
vase Is to the right coronary artery (arrows), associ-
ated with anterior, septal and inferior wall akinesia on
contrast left ventriculography . Positron emission to-
mographic images (bottom) show severe reduction in
blood flow in the anterior, anterolateral, ant , roseptal,
inferoseptal and inferior left ventricular segments with
relative increased glucose uptake consistent with hy-
poperfused but viable myocardium (positron emission
tomographic mismatch) . Abbreviations as iv Figure 5 .
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blood supply on angiography was observed. Further, a poor
correlation existed between the percent of the infarct bed
supplied by collateral flow (by contrast echocardiography)
and the collateral flow grade on angiography .
Two potential mechanisms may explain a relatively pre-
served regional myocardial perfusion in the absence of
angiographically visible collateral vessels to occluded coro-
nary arteries . First, current angiographic procedures gener-
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Values indicate number (%) of coronary artery segments .
ally demonstrate epicardial collateral channels with a lumen
diameter >100 pm (8,9). Nevertheless, the subendocardial
and intramural intercoronary channels, which are the most
numerous and probably most important to maintain myocar-
dial viability (18), can be as small as 20 Am in diameter (9) .
Such vessels go undetected by routine angiographic proce-
dures (9,19). Second, the development and visualization of
collateral vessels depend, at least in part, on the transanas-
tomotic pressure (20) between the collateralizing and the
occluded vessel . In our study, (706/v) of 10 patients without
collateral vessels had concomitant severe disease in the
other coronary arteries. This low pressure gradient between
the supplying artery and the recipient artery may account for
the lack of visualization of collateral vessels in some of these
patients .
Nevertheless, the angiographic presence of collateral
blood supply to asynergic myocardial regions was a rela-
tively sensitive marker (84%) of viability . This observation
suggests that if all asynergic territories with angiographically
visualized collateral vessels are revascularized, then only a
few territories (6 of 78 in our study) would be denied a
Table 1 . Severity of Wall Motion Abnormalities and Status of
Angiographic Collateral Vessels
Angiographic Collateral Vessels
Figure 7. A 65-year old man with a history of
inferior myocardial infarction . Coronary an-
giography (top) shows complete occlusion of
the right coronary artery (arrow) with good
distal filling by bridging collateral vessels and
by collateral vessels from the left anterior
descending coronary artery system (arrows),
associated with inferior and posterolateral
wall kinesia. Positron emission tomographic
images (bottom) show a concordant severe
reduction in blood flow and glucose uptake in
the inferior and inferolateral ventricular seg-
ments consistent with myocardial necrosis
(positron emission tomographic transmural
match) . Abbreviations as in Figure 5 .
beneficial procedure. However, the presence of angiograph-
ically visualized collateral vessels was a nonspecific (21%)
marker for positron emission tomographic mismatch . There-
fore, if used as the sole criterion for revs -scularization, most
asynergic regions (V of 64 in our study) would riot benefit
from this procedure . Thus, as suggested by McGregor (21),
in patients with chronic coronary artery disease the angio-
graphic assessment of collateral flow to asynergic regions
subtended by occluded vessels does not appear to be an
efficient method for evaluating myocardial viability .
Angiographic collateral blood flow and myocardial infarcts
tion. Our findings are consistent with the concept that
increasing collateral blood flow to a territory otherwise
deprived of its natural anterograde flow may ameliorate the
extent of transmural myocardial necrosis . In this study, with
increasing angiographic collateral vessels from grades I to 3
to myocardial regions with complete coronary artery occlu-
sion, the total extent of positron emission tomographic
match (transmural + nontransmural) remained similar,
whereas the ratio of transmural to nontransmural match
decreased . Because the positron emission towngraphic
match pattern in asynergic myocardial regions implies the
presence of necrosis and scar tissue formation (4,5), the
current findings suggest that angiographically visualized
collateral vessels limited myocardial necrosis in the acute
phase of coronary occlusion .
Animal experiments have shown that experimentally in-
duced coronary occlusions do not invariably lead to gross
myocardial necrosis, presumably because of recruitment of
coronary collateral vessels (22-24) . In humans, the presence
of angiographically detectable collateral vessels in the early
hours of acute myocardial infarction has been also associ-
JACC Vol . 23 . No . 4
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Wall Motion
Absent
(n - 14)
Present
(n =- 64)
Severe hypokinesia 4(28) 13 (20)
Akinesia 9(64) 46 (72)
Dyskinesia 1(7) 5(8)
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aced with a significant reduction in infarct size and better
segmental and global ventricular function (15) . In the IIA41 I
trial cohort (12), infarct size, as assessed by cardiac enzyme
analysis in patients without reperfusion after thrombolysis,
was reduced by 35% in those with angiographically visual-
ized collateral vessels . Christian et al. (25) reported that in
patients with successful reperfusion, the presence of collat-
eral flow, as assessed by technetium-99m sestamibi single-
photon emission computed tomography imaging, was also
associated with a smaller infarct size .
Relative perfusion was more severely reduced in myocar-
dial regions with angiographically visualized collateral ves-
sels, diagnosed by positron emission tomography as trans-
mural infarction, than in all other regions (Fig . 2). These
seemingly incongruent results are nevertheless consistent
with those of Sabia et al . (17) . They showed that seven of
nine patients with good angiographic collateral channels to
the infarct zone had !550% of the infarct bed supplied by
collateral flow, as measured by contrast echocardiography .
Presumably, in areas of transmural infarction, collateral flow
is generally distributed to the subepicardial muscle .
Interindividual variability in the extent of abnormal
positron emission tomographic patterns . ht this study, we
showed that the extent of the different positron emission
tomographic patterns of viability in individual territories was
highly variable and independent of the angiographic collat-
eral flow grades (Fig . 4). Similar findings mene reported by
Budenheinief et al. (26) who correlated the sc -verity of
coronary artery stenosis and the presence of collateral
vessels on angiogrrhy with the histopathologic changes in
patients with chronic coronary artery disease undergoing
bypass surgery . Fifty-two percent of myocardial regions
subtended by severely stenosed vessels without collateral
vessels revealed only a small loss of myocytes (0% to 9%) . In
the same study, biopsy specimens from myocardial regions
with angiographic collateral ves :ieis showed that three of
eight regions were normal . However, five of eight regions
had >10% necrosis, and three of them exhibited >50%
necrosis. Presumably, the time required far the full matura-
tion of collateral channels (20,27) may account, at least in
part, for the individual variation in the extent of positron
emission t ,)mographic patterns (i .e ., mismatch, transmural
match and nontransmural match) in our study group .
Severity of myocardial asynergy and viability . Viable
myocardium, as reflected by the positron emission tomo-
graphic mismatch pattern, was present in 82% of territories
with severe hypokinesia and 49% of territories with akinesia
or dyskinesia. These findings are consistent with previous
histopathologic studies (28,29) that indicated that the sever-
ity of rest, wall motion abnormalities may be an unreliable
indicator of the extent of irreversible myocardial injury in
patients with chronic ischemic heart disease . Moreover,
Fudo et al . (30) correlated the results of metabolic imaging
with regional wall motion in patients with anterior infarction
.They found that 37% of patients with dyskinesia, 42% with
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akinesia and 86% with severe hypokinesia exhibited meta-
bolic viability on positron emission tomography .
Limitations of the study . This is a retrospective study .
Coronary angiography was performed by different angiogra-
phers at different institutions using different imaging equip-
ment, X-ray films and processing and contrast agents, which
may have affected the detection of coronary collateral ves-
sels. However, all angiograms were carefully examined for
quality by expert angiographers before inclusion in the
study. Further, the prevalence of occluded arteries with and
without angiographic collateral vessels in this study is simi-
lar to findings in other published reports (31,32) . As another
limitation, the number of territories in the group with grad.,
I (absent) collateral vessels is relatively small in this study
(50%) (95% Cl 24% to 76%) . Therefore, definitive conclu-
sions with regard to the prevalence of positron emission
tomographic mismatch in the absence of angiographically
visualized collateral vessels are limited .
Clinical implications . Our results suggest that in patients
with chronic coronary artery disease and occluded coronary
arteries supplying dysfunctional myocardial regions : 1) the
presence of angiographic collateral vessels is 84% sensitive
but only 21% specific for myocardial viability as assessed by
positron emission tomography (predictive value 58%, 95%
CI 46% to 70%), suggesting that revascularization may not
always provide a functional benefit ; 2) lack of angiographic
collateral vessels does not exclude the presence of myocar-
dial viability because 50% of territories (95% CI 24% to 76%)
without collateral vessels on angiography may have consid-
erable areas of positron emission tomographic mismatch ;
3) the extent of viable myocardium in individual territories
may he highly variable regardless of the presence or magni-
tude of angiographic collateral flow ; and 4) despite the
presence of severe asynergy, myocardial viability may often
be present, especially in severely hypokinetic myocardial
regions (82% in this study) .
These results are clinically relevant, especially when
patients with coronary artery disease and left ventricular
dysfunction are considered candidates for myocardial revas-
cularization . Because the perioperative risk in these patients
remains high, assessment of myocardial viability is of the
utmost importance in selecting patients in whom revascular-
ization will be of prognostic and functional benefit . Thus, it
may be beneficial to use an independent marker of myocar-
dial viability, such as positron emission tomographic meta-
bolic imaging with F-18 deoxyglucose, when evaluating high
risk patients who are being considered for myocardial revas-
cularization,
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